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(57) ABSTRACT 

A semiconductor device Which is excellent in chemical and 
physical strength and circumstance resistance is provided. A 
?rst stacked ?lm including a ?rst base material and a ?rst 
adhesive layer is adhered so as to cover one surface of a 
stacked body including an integrated circuit, the stackedbody 
is sealed by adhering a second stacked ?lm including a second 
base material and a second adhesive layer so as to cover the 
other surface of the stacked body, and the ?rst stacked ?lm 
and the second stacked ?lm are cut. Then, a side surface of the 
?rst stacked ?lm and the second stacked ?lm, Which is 
exposed by the cutting, is irradiated With laser light. 

15 Claims, 14 Drawing Sheets 
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METHOD FOR MANUFACTURING 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention disclosed in this speci?cation relates 

to a semiconductor device and a manufacturing method 
thereof. In particular, the present invention relates to a semi 
conductor device capable of transmitting and receiving data 
With Wireless communication and a manufacturing method 
thereof. 

2. Description of the Related Art 
In recent years, a semiconductor device capable of trans 

mitting and receiving data With Wireless communication has 
been actively developed. Such a semiconductor device is 
called an IC tag, an ID tag, an RF (Radio Frequency) tag, an 
RFID (Radio Frequency Identi?cation) tag, a Wireless tag, an 
electronic tag, a Wireless processor, a Wireless memory, a 
Wireless chip, or the like. Hereinafter, a semiconductor device 
capable of transmitting and receiving data With Wireless com 
munication may be referred to as “an RFID tag”. 
An RFID tag includes an antenna and an integrated circuit 

(an IC chip). One of objects of an RFID tag is improvement in 
reliability. 

In order to accomplish the improvement in reliability, there 
is a method of sealing both surfaces of a substrate on Which 
components such as an IC chip, a condenser, and an antenna 
coil are mounted by using a sheet member (Reference 1: 
Japanese Patent Application Laid-Open No: 2001 -63256). A 
distance betWeen each surface of the substrate and the sheet 
member is controlled to be a constant distance by using adhe 
sive, and thus, concavity and convexity of the components are 
not observed on the surface. As a result, breakdown in a 
portion having concavity and convexity is suppressed, and 
reliability of an IC card is improved. 

In the above described method, adhesive is used When the 
substrate on Which the IC chip is mounted and the sheet 
member are attached to each other. In other Words, there is an 
adhesive layer betWeen the substrate on Which the IC chip is 
mounted and the sheet member. The adhesive layer is formed 
of a material having ?uidity before curing and adhesion and 
viscosity after curing. Speci?cally, hot-melt adhesive or ion 
iZing radiation (such as ultraviolet ray or electron beam) 
curable adhesive is used. Such adhesive usually has a loW 
moisture proof property. In addition, the adhesive layer is 
melted under conditions of a high temperature and high 
humidity in some cases, and there is a possibility that the 
mounted substrate is in?ltrated from a melted portion. There 
fore, it is necessary to develop a semiconductor device Which 
is not only excellent in chemical and physical strength but 
also in circumstance resistance. 

SUMMARY OF THE INVENTION 

In vieW of the above problems, it is an object of the present 
invention to provide a semiconductor device Which is excel 
lent in chemical and physical strength and circumstance resis 
tance. 

According to one feature of the present invention, a method 
for manufacturing a semiconductor device includes the steps 
of adhering a ?rst stacked ?lm including a ?rst base material 
and a ?rst adhesive layer so as to cover one surface of a 

stacked body including an integrated circuit, sealing the 
stacked body by adhering a second stacked ?lm including a 
second base material and a second adhesive layer so as to 
cover the other surface of the stacked body, and cutting the 
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2 
?rst stacked ?lm and the second stacked ?lm, Where a cross 
section (side surface) of the ?rst stacked ?lm and the second 
stacked ?lm, Which is exposed by the cutting, is irradiated 
With laser light. 

According to another feature of the present invention, a 
method for manufacturing a semiconductor device includes 
the steps of forming a peeling layer over a substrate, forming 
an element layer including a plurality of integrated circuits 
over the peeling layer, forming an insulating ?lm over the 
element layer, forming an opening by removing part of the 
element layer and the insulating ?lm at the same time as 
forming a stacked body including part of the element layer 
and the insulating ?lm, peeling the stacked body from the 
substrate, adhering a ?rst stacked ?lm including a ?rst base 
material and a ?rst adhesive layer so as to cover one surface of 
the peeled stackedbody, sealing the stacked body by adhering 
a second stacked ?lm including a second base material and a 
second adhesive layer so as to cover the other surface of the 
peeled stacked body, and cutting the ?rst stacked ?lm and the 
second stacked ?lm, Where a cross-section (side surface) of 
the ?rst stacked ?lm and the second stacked ?lm, Which is 
exposed by the cutting, is irradiated With laser light. 

According to another feature of the present invention, a 
method for manufacturing a semiconductor device includes 
the steps of forming an element layer including a plurality of 
integrated circuits over one surface of a substrate; grinding 
the other surface of the substrate; polishing the other surface 
of the substrate, Which is ground; forming a stacked body 
including an integrated circuit by cutting the polished sub 
strate and the element layer; adhering a ?rst stacked ?lm 
including a ?rst base material and a ?rst adhesive layer so as 
to cover one surface of the stacked body; sealing the stacked 
body by adhering a second stacked ?lm including a second 
base material and a second adhesive layer so as to cover the 
other surface of the stacked body; and cutting the ?rst stacked 
?lm and the second stacked ?lm, Where a cross-section (side 
surface) of the ?rst stacked ?lm and the second stacked ?lm, 
Which is exposed by the cutting, is irradiated With laser light. 

In addition, in the above structure, a thickness of the pol 
ished substrate is 2 pm or more and 50 pm or less. 

In addition, in the above structure, a cross-section (side 
surface) of the ?rst stacked ?lm and the second stacked ?lm, 
Which is exposed by the cutting, is irradiated With laser light 
at an incident angle of 30° or more and 80° or less. 

In addition, in the above structure, an ultraviolet (UV) 
laser, a C02 laser, or aYAG laser is used as the laser light. 

In addition, in the above structure, since a cross-section 
(side surface) of the ?rst stacked ?lm and the second stacked 
?lm, Which is exposed by the cutting, is irradiated With laser 
light, a cross-section (side surface) of the ?rst adhesive layer 
and the second adhesive layer is sealed With the ?rst base 
material and the second base material. 

In addition, in the above structure, the stacked body has an 
antenna. 

A stacked body including an integrated circuit is sealed 
With a ?rst stacked ?lm including a ?rst base material and a 
?rst adhesive layer and a second stacked ?lm including a 
second base material and a second adhesive layer, and the ?rst 
stacked ?lm and the second stacked ?lm are cut. Then, a 
cross-section (side surface) of the ?rst stacked ?lm and the 
second stacked ?lm, Which is exposed by the cutting, is irra 
diated With laser light, and thus, the ?rst base material and the 
second base material are adhered to each other. Since the 
adhesive layer is not exposed to the outside by laser light 
irradiation, moisture is prevented from being absorbed in a 
semiconductor device, and reliability of a semiconductor 
device can be improved. In addition, as a result, the yield of a 
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semiconductor device can be improved, and a semiconductor 
device can be manufactured at loWer cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIGS. 1A to ID are vieWs each showing a manufacturing 

method of a semiconductor device according to the present 
invention (Embodiment Mode 1); 

FIGS. 2A to 2D are vieWs each shoWing a manufacturing 
method of a semiconductor device according to the present 
invention (Embodiment Mode 1); 

FIGS. 3A to 3C are vieWs each shoWing a manufacturing 
method of a semiconductor device according to the present 
invention (Embodiment Mode 2); 

FIGS. 4A to 4D are vieWs each shoWing a manufacturing 
method of a semiconductor device according to the present 
invention (Embodiment Mode 2); 

FIGS. 5A and 5B are vieWs each shoWing a manufacturing 
method of a semiconductor device according to the present 
invention (Embodiment Mode 2); 

FIGS. 6A to 6C are vieWs each shoWing a manufacturing 
method of a semiconductor device according to the present 
invention (Embodiment 1); 

FIGS. 7A to 7C are vieWs each shoWing a manufacturing 
method of a semiconductor device according to the present 
invention (Embodiment 1); 

FIGS. 8A and 8B are vieWs each shoWing a manufacturing 
method of a semiconductor device according to the present 
invention (Embodiment 1); 

FIG. 9 is a vieW shoWing a manufacturing method of a 
semiconductor device according to the present invention 
(Embodiment 1); 

FIGS. 10A to 10C are vieWs each shoWing a manufacturing 
method of a semiconductor device according to the present 
invention (Embodiment 2); 

FIGS. 11A and 11B are vieWs each shoWing a manufactur 
ing method of a semiconductor device according to the 
present invention (Embodiment 2); 

FIGS. 12A and 12B are vieWs each shoWing a manufactur 
ing method of a semiconductor device according to the 
present invention (Embodiment 2); 

FIGS. 13A to 13C are vieWs each shoWing a usage pattern 
of a semiconductor device according to the present invention 
(Embodiment 3); and 

FIGS. 14A to 14H are vieWs each shoWing a usage pattern 
of a semiconductor device according to the present invention 

(Embodiment 4). 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiment modes of the present invention Will be here 
inafter explained With reference to the accompanying draW 
ings. It is to be noted that the present invention is not limited 
to the folloWing description, and it is easily understood by 
those skilled in the art that modes and details thereof can be 
modi?ed in various Ways Without departing from the purpose 
and the scope of the invention. Therefore, the present inven 
tion should not be interpreted as being limited to the descrip 
tion of the embodiment modes and embodiments to be given 
beloW. Further, in a structure of the present invention, Which 
Will be described beloW, the same reference numerals are used 
for the same portions or portions having the same functions in 
different draWings. 

Further, in the present speci?cation, various conditions of 
materials and numerical values are described hereinafter; 
hoWever, they are conditions of materials and numerical val 
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4 
ues of an object Which is intended to be formed. It is easily 
understood by those skilled in the art that a slight difference 
may be generated in an element composition or a physical 
property value in an object that is actually formed. In addi 
tion, it is also easily understood by those skilled in the art that 
a result itself measured by various analyZing methods gener 
ally includes a slight difference. Therefore, the present inven 
tion should not be interpreted as being limited to the descrip 
tion of the embodiment modes and embodiments to be given 
beloW. Conditions of materials and numerical values Which 
are slightly different from those described in the present 
speci?cation are also regarded as being included in the scope 
of the present invention. 

Embodiment Mode 1 

In this embodiment mode, one method for manufacturing a 
semiconductor device of the present invention Will be 
explained With reference to the draWings. 

First, a peeling layer 12 is formed over a substrate 11 (FIG. 
1A). An insulating ?lm may be provided over the substrate 11 
before forming the peeling layer 12. In particular, When con 
tamination from the substrate is concerned, an insulating ?lm 
is preferably formed betWeen the substrate 11 and the peeling 
layer 12. The insulating ?lm provided betWeen the substrate 
11 and the peeling layer 12 may have a single layer structure 
using a silicon oxide ?lm (a SiOx ?lm), a silicon nitride ?lm 
(a SiNx ?lm), a silicon oxide ?lm containing nitrogen (a 
SiOxNy ?lm) (x>y) (x and y are positive integers), a silicon 
nitride ?lm containing oxygen (a SiNxOy ?lm) (x>y) (x and y 
are positive integers), or the like, or a stacked layer structure 
of these ?lms. 
The substrate 11 canbe a glass substrate, a quartz substrate, 

a silicon substrate (Wafer), a metal substrate, a ceramic sub 
strate, a stainless steel substrate, an acrylic substrate, or the 
like. In addition, the substrate 11 can be a plastic substrate 
having heat resistance, Which can resist heat treatment in a 
manufacturing process of a semiconductor device. Among 
these substrates, a plastic substrate having heat resistance or a 
glass substrate is preferably used. A glass substrate has no 
particular limitations to an area or a shape thereof. Therefore, 
in a case of using a glass substrate as the substrate 11, a glass 
substrate Which is one meter or more on one side and rectan 

gular can be easily used, for example. Accordingly, produc 
tivity can be largely improved. This point is a great advantage 
compared With a case of using a circular silicon substrate. In 
addition, in terms of cost of a substrate itself, it is preferable 
to use a glass substrate instead of a quartz substrate, a silicon 
substrate, a metal substrate, a ceramic substrate, a stainless 
steel substrate, or the like. In particular, When upsiZing of a 
substrate is desired, an advantage in cost is remarkably impor 
tant and it is preferable to use a glass substrate also in con 
sideration of mass-production. In this embodiment mode, a 
glass substrate is used as the substrate 11. 
As a material for forming the peeling layer 12, an element 

selected from tungsten (W), molybdenum (Mo), titanium 
(Ti), tantalum (Ta), niobium (Nb), nickel (Ni), cobalt (Co), 
Zirconium (Zr), Zinc (Zn), ruthenium (Ru), rhodium (Rh), 
palladium (Pd), osmium (Os), and iridium (Ir), or an alloy 
material or a compound material containing the element as its 
main component can be used. Further, as a formation method, 
a sputtering method or various CVD methods such as a 
plasma CVD method can be used. In addition, a structure of 
the peeling layer 12 may be a single layer structure or a 
stacked layer structure. For example, it is preferable to have a 
structure in Which, after forming a tungsten (W) ?lm to have 
a thickness of 20 to 40 nm by a sputtering method, the surface 
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of the tungsten (W) ?lm is oxidized. As for a method for 
oxidizing the surface of the tungsten (W) ?lm, the surface 
may be directly oxidized by plasma after forming the tung 
sten (W) ?lm, or a silicon oxide ?lm may be formed to be in 
contact With the tungsten (W) ?lm after forming the tungsten 
(W) ?lm. In the latter case, the surface of the tungsten (W) 
?lm is naturally oxidized When the silicon oxide ?lm is 
formed, and a metal oxide ?lm is formed. It is to be noted that 
oxide of tungsten is referred to as WOx Where X is 2 to 3, and 
there are a case Where X is 2 (W02), a case Where X is 2.5 
(W205), a case Where X is 2.75 (W40l 1), a case Where X is 3 
(W03), and the like. When oxide of tungsten is formed, the 
value of X as described above is not particularly limited, and 
a composition ratio may be determined based on an etching 
rate or the like. 

Subsequently, over the peeling layer 12, a layer 13 pro 
vided With a plurality of integrated circuits each including an 
element such as a thin ?lm transistor (hereinafter referred to 
as an element layer 13) is formed (FIG. 11B). When contami 
nation due to an impurity or the like from the substrate 11 to 
the element layer 13 is concerned, a base ?lm is preferably 
provided betWeen the substrate 11 and the element layer 13. 
For example, When a glass substrate is used as the substrate 
11, by providing the base ?lm, alkali metal such as sodium 
(Na) contained in the glass substrate can be prevented from 
entering the element layer 13. 

The base ?lm may have a single layer structure or a stacked 
layer structure. In addition, as for a material for the base ?lm, 
a silicon oxide ?lm (a SiOx ?lm), a silicon nitride ?lm (a SiNx 
?lm), a silicon oxide ?lm containing nitrogen (a SiOxNy ?lm) 
(x>y) (x and y are positive numbers), a silicon nitride ?lm 
containing oxygen (a SiNxOy ?lm) (x>y) (x and y are positive 
numbers), or the like can be formed by a sputtering method, a 
plasma CVD method, or the like. For example, in a case of 
employing a tWo-layer structure for the base ?lm, a silicon 
nitride ?lm containing oxygen may be used as a ?rst insulat 
ing ?lm, and a silicon oxide ?lm containing nitrogen may be 
used as a second insulating ?lm. 

The element layer 13 includes a plurality of integrated 
circuits, and the plurality of the integrated circuits is individu 
ally separated afterwards to become part of a semiconductor 
device. In other Words, the semiconductor device that is 
formed afterWards includes at least a layer provided With an 
integrated circuit. The integrated circuit at least includes an 
element typi?ed by a thin ?lm transistor (TFT) or a resistor. 
By using the element, various integrated circuits such as a 
CPU, a memory, and a microprocessor can be formed. Fur 
ther, the element layer 13 can also have a mode including an 
antenna in addition to the element such as a thin ?lm transis 
tor. For example, an integrated circuit formed by using a thin 
?lm transistor can operate by using alternating voltage gen 
erated in an antenna and can perform transmission to a reader/ 
Writer by modulating alternating voltage to be applied to the 
antenna. The antenna may be formed along With the thin ?lm 
transistor or may be formed independently of the thin ?lm 
transistor and provided afterwards to be electrically con 
nected to the thin ?lm transistor. 

The thin ?lm transistor can be formed by using an amor 
phous semiconductor or a crystalline semiconductor. In a case 
of using a thin ?lm transistor having a more excellent char 
acteristic, it is preferable to provide a thin ?lm transistor using 
a crystalline semiconductor. For example, an amorphous 
semiconductor ?lm may be formed over the base ?lm by a 
sputtering method, an LPCVD method, a plasma CVD 
method, or the like, and thereafter, the amorphous semicon 
ductor ?lm may be crystallized to form a crystalline semicon 
ductor ?lm. 
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6 
In addition, a structure of a semiconductor ?lm included in 

the thin ?lm transistor may have any structure. For example, 
an impurity region (including a source region, a drain region, 
and an LDD region) may be formed, or a P-channel TFT, an 
N-channel TFT, or a CMOS circuit may be formed. Further, 
an insulating ?lm (sideWall) may be formed to be in contact 
With a side surface of a gate electrode Which is provided above 
or beloW the semiconductor ?lm. Alternatively, a silicide 
layer of nickel, molybdenum, cobalt, or the like may be 
formed in one or both of a source region and a drain region, 
and a gate electrode. 

Then, if necessary, an insulating ?lm 14 is formed to cover 
the element layer 13 (FIG. 1C). The insulating ?lm 14 may 
function as a protective layer for ensuring the strength of the 
element layer 13. The insulating ?lm 14 is preferably pro 
vided over the entire surface of the element layer 13 so as to 
cover the element layer 13; hoWever, the insulating ?lm 14 is 
not alWays required to be provided over the entire surface and 
may be selectively provided. As a material for the insulating 
?lm 14, a ?lm containing carbon such as DLC (diamond like 
carbon), a silicon oxide ?lm containing nitrogen, a silicon 
nitride ?lm containing oxygen, or a ?lm formed of an organic 
material (for example, a resin material such as epoxy) can be 
used. As a method for forming the insulating ?lm 14, a sput 
tering method, various CVD methods such as a plasma CVD 
method, a spin coating method, a droplet-discharging 
method, a printing method, or the like can be used. It is to be 
noted that a structure provided With the insulating ?lm 14 is 
employed in this embodiment mode; hoWever, the present 
invention can also be implemented by employing a structure 
Without the insulating ?lm 14. 

Next, part of the element layer 13 and the insulating ?lm 14 
is etched and openings 15 are formed to expose the peeling 
layer 12 (FIG. 1D). By forming the openings 15, a plurality of 
layers (each of Which is referred to as a stacked body 17 
hereinafter) formed using part of the element layer 13 and the 
insulating ?lm 14 is formed. The element layer 13 that is 
divided by the openings 15 can be referred to as a layer 
provided With an integrated circuit. 
When the openings 15 are formed, adhesion betWeen the 

peeling layer 12 and the element layer 13 is selectively (par 
tially) loWered, and the element layer 13 and the insulating 
?lm 14 are easily peeled from the substrate 11 afterWards. The 
openings 15 can be formed by laser light irradiation, a pho 
tolithography method, or the like. In addition, the openings 15 
are each preferably provided in a region Where a thin ?lm 
transistor or the like is not formed in the element layer 13, or 
in an end portion of the substrate 11. 

A laser includes a laser medium, an excitation source, and 
a resonator. When lasers are classi?ed in accordance With a 

medium, there are a gas laser, a liquid laser, and a solid state 
laser. In the present invention, any of the above lasers can be 
used. HoWever, it is preferable to use a gas laser or a solid state 
laser, and it is more preferable to use a solid state laser. 

As a gas laser, a helium-neon laser, a carbon dioxide (CO2) 
laser, an excimer laser, and an argon-ion laser are given. As an 
excimer laser, a rare gas excimer laser and a rare gas halide 
excimer laser are given. As for a rare gas excimer laser, there 
are oscillations by three kinds of excited molecules of argon, 
krypton, and xenon. As an argon-ion laser, a rare gas ion laser 
and a metal vapor ion laser are given. 

As a liquid laser, an inorganic liquid laser, an organic 
chelate laser, and a dye laser are given. In an inorganic liquid 
laser and an organic chelate laser, a rare earth ion such as 
neodymium used in a solid state laser is utilized as a laser 
medium. 
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A laser medium used in a solid state laser is a solid base 
doped With activated species having laser effect. The solid 
base is crystal or glass. As the crystal, YAG (yttrium alumi 
num garnet crystal), YLF, YVO4, YAlO3, sapphire, ruby, or 
alexandrite can be used. In addition, as the activated species 
having laser effect, for example, trivalent ions (Cr3+, Nd3+, 
Yb“, Tm3+, H03", Er“, and Ti“) can be used. 
As for an oscillation mode of the laser, a continuous Wave 

laser beam or a pulsed laser beam may be used. Irradiation 
conditions of a laser beam, such as frequency, poWer density, 
energy density, and a beam pro?le are appropriately adjusted 
in consideration of a characteristic or a thickness of a material 
used for the element layer 13 or the insulating ?lm 14. 

In a step of irradiation of the above laser beam, ablation 
processing is used. In the ablation processing, a phenomenon 
is used, in Which a molecular bond in a portion irradiated With 
a laser beam, that is, a portion Which has absorbed a laser 
beam, is cut, photolyZed, vaporiZed, and evaporated. In other 
Words, in this step, a molecular bond in the element layer 13 
or an insulating ?lm included in the insulating ?lm 14 is cut, 
photolyZed, vaporized, and evaporated by the laser beam 
irradiation to form the openings 15. 

Further, as a laser, a solid state laser With a Wavelength of 
l to 380 nm (more preferably, 15 to 20 nm) that is an ultra 
violet region may be used. Preferably, an Nd: YVO4 laser With 
a Wavelength ofl to 380 nm is used. This is because, as for the 
Nd: YVO4 laser With a Wavelength of l to 380 nm, light is 
easily absorbed in the substrate compared With other laser on 
longer Wavelength side, and ablation processing is possible. 
In addition, the periphery of a processed portion is not 
affected and processability is favorable. 

Subsequently, a ?lm 16 is attached to the insulating ?lm 14 
(FIG. 2A). The ?lm 16 has a function of ensuring a space 
betWeen the integrated circuit When the integrated circuits are 
separated from the ?lm 16 afterWards. As the ?lm having such 
a function, an expand ?lm may be used. Further, a ?lm pro 
tecting the element layer 13 and the expand ?lm may be 
stacked. In addition, the ?lm 16 preferably has a characteristic 
that adhesion thereof is high in a normal state and the adhe 
sion becomes loW by light irradiation. For example, a UV tape 
in Which the adhesion becomes loW by irradiation of ultra 
violet ray may be used. 

Then, the element layer 13 and the insulating ?lm 14 are 
peeled from the substrate 11 by using a physical means (FIG. 
2B). Since adhesion betWeen the peeling layer 12 and the 
element layer 13 is selectively (partially) loWered by forming 
the openings 15 before the peeling, the element layer 13 and 
the insulating ?lm 14 can be easily peeled from the substrate 
11 by a physical means. As an example of the physical means, 
there is a method in Which impact (stress) is applied from the 
outside by using pressure of a gas bloWn from a noZZle, an 
ultrasonic Wave, load using a Wedge-shaped member, or the 
like. It is to be noted that the stacked body 17 including part 
of the element layer 13 and the insulating ?lm 14, Which is 
peeled in this step, is part of the semiconductor device that is 
formed afterWards. 

It is to be noted that the peeled substrate 11 can be reused 
after removing the peeling layer 12; therefore, the semicon 
ductor device can be manufactured at loWer cost. For 
example, even in a case of using a quartz substrate Which is 
high in cost, a semiconductor device can be manufactured at 
loW cost by using a quartZ substrate repeatedly. 

In addition, not only a peeling method using a physical 
means after forming the openings 15 as described above, but 
also a peeling method using a physical means after forming 
the openings 15 and removing the peeling layer 12 by intro 
ducing an etching agent into the openings 15 can be used. In 
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this case, the entire peeling layer 12 may be removed or the 
peeling layer 12 may be selectively removed to leave part 
thereof. By leaving part of the peeling layer 12, the stacked 
body 17 can be retained over the substrate 11 also after 
removing the peeling layer 12. In addition, since the peeling 
layer 12 is not entirely removed, the consumption amount of 
an etching agent can be reduced and treatment time can be 
shortened; therefore, loW cost and high ef?ciency can be 
realiZed. As the etching agent, a gas or liquid containing 
halogen ?uoride or halogen, such as a chlorine tri?uoride gas, 
can be used. In addition, CF4, SP6, NF3, F2, orthe like can also 
be used. 

Next, a ?rst stacked ?lm (also referred to as a laminate ?lm) 
is provided over one surface of the stacked body 17 Which is 
peeled from the substrate 11. The ?rst stacked ?lm is provided 
by performing one or both of heat treatment and pressure 
treatment after being adhered to a surface of the stacked body 
17, over Which the element layer 13 is provided. 

Subsequently, a second stacked ?lm is provided over the 
other surface of the stacked body 17 (the opposite surface of 
the surface provided With the ?rst stacked ?lm, that is, a 
surface of the stacked body 17, over Which the insulating ?lm 
14 is provided). In this case, in order to further thin the 
semiconductor device, the second stacked ?lm is preferably 
provided after removing the ?lm 16. In addition, as the second 
stacked ?lm, the same structure as that of the ?rst stacked ?lm 
is preferably employed. 
The ?rst stacked ?lm and the second stacked ?lm each 

include an adhesive layer at least on one surface thereof and 
may be attached so that the adhesive layers and the stacked 
body 17 are in contact. In addition, the ?rst stacked ?lm and 
the second stacked ?lm are each formed of a ?lm in Which a 
base material (base ?lm) and an adhesive layer are stacked. In 
this embodiment mode, the ?rst stacked ?lm includes a ?rst 
base material 18 and a ?rst adhesive layer 20A, and the 
second stacked ?lm includes a second base material 19 and a 
second adhesive layer 20B. In the vicinity of the side surface 
of the stacked body 17, the ?rst adhesive layer 20A of the ?rst 
stacked ?lm and the second adhesive layer 20B of the second 
stacked ?lm are attached to each other to be an adhesive layer 

20 (FIG. 2C). 
As the base material (base ?lm), a material having a melt 

ing point that is at least higher than that of a material used as 
adhesive may be used, and a material may be selected to be 
suitable for the purpose. In other Words, not only a single 
layer ?lm but also a ?lm in Which ?lms having different 
characteristics are appropriately stacked may be used. Spe 
ci?cally, as a ?lm that can be used as the base material, a 
material such as polyethylene, polyethylene terephthalate 
(PET), polyethylene naphthalate (PEN), nylon, an ethylene 
vinyl alcohol copolymer (EVOH) ?lm, polypropylene, poly 
styrene, anAS resin, an ABS resin (a resin obtained by poly 
meriZation of acrylonitrile, butadiene and styrene), a meth 
acrylic resin (also referred to as acrylic), polyvinyl chloride, 
polyacetal, polyamide, polycarbonate, denatured polyphe 
nylene ether, polybutylene terephthalate (PBT), polysulfone, 
polyethersulfone (PES), polyphenylene sul?de, polyamide 
imide, polymethylpentene, a phenol resin, a urea resin, a 
melamine resin, an epoxy resin, a diallyl phthalate resin, an 
unsaturated polyester resin, polyimide, or polyurethane, a 
?brous material (for example, paper), a ?lm to Which anti 
static treatment is performed (an antistatic ?lm), or the like 
can be given. 
As the ?lm to Which antistatic treatment is performed, a 

?lm obtained by dispersing an antistatic material into a resin, 
a ?lm to Which an antistatic material is attached, or the like 
can be given. As for the ?lm to Which an antistatic material is 
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attached, an antistatic material may be attached to one side of 
a ?lm that is a base material, or an antistatic material may be 
attached to both sides thereof. In addition, as for the ?lm in 
Which an antistatic material is attached to one side, an anti 
static material may be attached to an outer side of the ?lm but 
is preferably attached to an inner side of the ?lm. Further, an 
antistatic material may be attached to the entire surface or part 
of the surface of the ?lm. As the antistatic material, metal such 
as aluminum, oxide containing indium and tin (ITO), ampho 
teric surfactant metal salt, imidaZoline type amphoteric sur 
factant, a resin material containing a cross-linked copolymer 
high molecule having a carboxyl group and a quaternary 
ammonium base in a side chain, or the like can be given. By 
using the antistatic ?lm as the ?rst base material 18 and the 
second base material 19, the integrated circuit can be pre 
vented from being affected due to static electricity from the 
outside. 
As the adhesive, a material having a melting point that is at 

least loWer than that of a material used as the base material 
may be used. For example, a polyethylene based resin, a 
polyester based resin, a thermal ?exible resin such as ethylene 
vinyl acetate (EVA), or a material containing a thermosetting 
resin or an ultraviolet ray curable resin as its main component 
can be used. In addition, When the ?lm is adhered to the 
element layer by performing heat treatment and pressure 
treatment, an adhesive layer provided on the uppermost sur 
face of the stacked ?lm or a layer (not an adhesive layer) 
provided in the outermost layer is melted by heat treatment 
and adhered by pressure treatment. 

In addition, in order to further prevent moisture from enter 
ing inside the semiconductor device (the stacked body 17) 
that is ?nally formed, it is preferable to coat a portion between 
the base material and the adhesive layer With poWder of 
silicon dioxide (silica). By this coating, a moisture proof 
property can be further enhanced even under a circumstance 
of a high temperature and high humidity. In addition, for the 
similar purpose, a stacked ?lm may be used, in Which a ?lm 
containing silicon oxide, silicon nitride, silicon nitride con 
taining oxygen, silicon oxide containing nitrogen, or ceram 
ics (for example, aluminum oxide) as its main component is 
formed in a portion betWeen the base material and the adhe 
sive layer by a CVD method, a sputtering method, an evapo 
ration method, or the like. Accordingly, moisture or the like 
may be further prevented from entering inside the semicon 
ductor device (the stacked body 17) that is ?nally formed. In 
addition, in order to enhance physical strength of the semi 
conductor device that is ?nally formed, the opposite surface 
of the base material surface provided With the adhesive layer 
(the side exposed to the outside) may be coated With a mate 
rial containing carbon as its main component (for example, 
diamond like carbon) by a CVD method, a sputtering method, 
an evaporation method, or the like. Further, coating of a 
mixture of silicon dioxide (silica) poWder, silicon nitride con 
taining oxygen, or silicon oxide containing nitrogen and a 
material containing carbon as its main component may also 
be performed. It is to be noted that such treatment may be 
performed to one or both of the ?rst stacked ?lm and the 
second stacked ?lm. 

Then, the ?rst stacked ?lm and the second stacked ?lm are 
cut by a cutting means. The cutting means corresponds to a 
dicer, a laser, a Wire saW, or the like. Through this cutting step, 
as shoWn in FIG. 2C, a structure, in Which the stacked body 17 
is surrounded by the adhesive layer 20 and both surfaces of 
the adhesive layer 20 are sealed With the ?rst base material 18 
and the second base material 19, is obtained. At this time, the 
side surfaces of the adhesive layer 20 are exposed to the 
outside. 
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Next, a cross-section (side surface) of the ?rst stacked ?lm 

and the second stacked ?lm is irradiated With laser light (FIG. 
2C). By laser light irradiation, the ?rst base material 18 and 
the second base material 19 are adhered to each other to be a 
third base material 21, and a structure in Which a cross-section 
(side surface) of the adhesive layer 20 is sealed With the third 
base material 21 is obtained. At this time, at least one of the 
?rst base material 18 and the second base material 19 may be 
melted to be adhered by laser light irradiation; hoWever, both 
of the ?rst base material 18 and the second base material 19 
are preferably melted to be adhered to each other. A semicon 
ductor device in Which the cross-section (side surface) of the 
adhesive layer 20 is covered With the third base material 21 is 
formed (FIG. 2D). It is to be noted that FIG. 2D schematically 
shoWs a shape of the third base material 21, but the third base 
material 21 is not limited to this shape. 

Conditions of laser light used in the above step are not 
particularly limited as far as the ?rst base material 18 and the 
second base material 19 are adhered to each other. For 
example, a C02 laser can be used. In addition, a laser With a 
Wavelength of 100 to 380 nm (UV) (for example, a solid state 
laser such as a third harmonic of an Nd: YVO4 laser) can also 
be used. When an ultraviolet laser is used, poWer density may 
be set to be 2 W/cm2 or more and 3 W/cm2 or less. In addition, 
a scanning rate oflaser light may be set to be 0.5 mm/sec. or 
more and 1.5 mm/ sec. or less. It is to be noted that a scanning 
rate of laser light is a rate of relative movement of laser light 
With respect to the cross-section (side surface) of the ?rst 
stacked ?lm and the second stacked ?lm. Further, a beam spot 
shape of laser light is not particularly limited, and a circular 
shape, an elliptical shape, a rectangular shape, or the like may 
be employed. 

Then, an irradiation angle of laser light is explained. As for 
an angle achieved by a direction of laser li ght irradiation to the 
cross-section (side surface) of the ?rst stacked ?lm and the 
second stacked ?lm and a perpendicular line to the cross 
section (side surface) of the ?rst stacked ?lm and the second 
stacked ?lm (or a parallel surface to one surface of the stacked 
body 17), in other Words, an incident angle of laser light to the 
cross-section (side surface) of the ?rst stacked ?lm and the 
second stacked ?lm (0; 0°§0§90°), it is preferable to 
obliquely irradiate the cross-section (side surface) of the ?rst 
stacked ?lm and the second stacked ?lm as shoWn in FIG. 2C. 
When the ?rst stacked ?lm and the second stacked ?lm cannot 
suf?ciently absorb laser light in a case Where 0 is less than 
30°, there is a concern that the element provided inside the 
stacked body 17 is broken. Therefore, 0 is preferably 30° or 
more. In addition, in a case Where 0 is more than 80°, sealing 
of the cross-section of the adhesive layer 20 becomes dif? 
cult. Therefore, 0 is preferably 80° or less. For the above 
reasons, 0 is preferably 30° or more and 80° or less (more 
preferably, ‘I, is 45° or more and 65° or less); hoWever, parallel 
irradiation to the cross-section (side surface) of the ?rst 
stacked ?lm and the second stacked ?lm (that is, 0 is 90°) may 
also be employed. It is to be noted that a method of laser light 
irradiation is used in this embodiment mode; hoWever, other 
method may also be used as far as the adhesive layer 20 can be 
sealed With the ?rst base material 18 and the second base 
material 19. 
As described above, after sealing the stacked body 17 With 

the ?rst and the second stacked ?lms each including the 
adhesive layer, laser light irradiation is performed to the 
exposed cross-section (side surface) of the ?rst stacked ?lm 
and the second stacked ?lm, and thus, the ?rst base material 
18 and the second base material 19 are adhered to each other. 
By employing a structure in Which a cross-section (side sur 
face) of an adhesive layer is not exposed to the outside, 






















